『創価経済論集』47巻 第1・2・3・4号（福島勝彦教授退職記念号）全文 by unknown
創価経済論集
季 刊
THE SOKA ECONOMIC STUDIES:  VOL. XLVII  NO. 1･2･3･4／MARCH 2018
福島勝彦教授退職記念号
福島勝彦先生の退職記念号に寄せて……………………………………… 勘 坂 純 市 ( iii )
福島勝彦先生の退職記念号に寄せて……………………………………… 栗 山 直 樹 ( v )
論　文
The Impact of British (Scottish) Influence of Technology and Business  
to China and Japan after India in the Late Nineteenth Century
　   ………………………………………………………　Masami KITA ( 1 )
枯渇性資源の採掘問題 （計算経済学の研究その 14） …………………… 釜　国 男 (13)
最適成長モデルの数値解析 （計算経済学の研究その 15） ………………… 釜　国 男 (25)
収量変動とコメの穀物国際価格について……… 齋藤之美・齋藤勝宏・佐藤秀保 (39)
Covariance Matrix of Quasi-Maximum Likelihood Estimator of ARFIMA Models
   ……………………………………………………… Manabu ASAI (55)
近年における宗教経済学の新展開 : ショートサーベイ ………………… 中 田 大 悟 (67)
創 価 大 学 経 済 学 会
ISSN 0388－3027










The Soka Economic Association, aff iliated to the Department of Economics, Soka Univer- 
sity, was established in 1971. The purpose of the Association is to support and encourage 
research and education in Economics, Economic History, Economic Policy, Statistics, and 
closely related problems. The Soka Economic Studies has been published quarterly by the 
Association with papers mainly contributed by the faculty members of the Department. All 
communications relating to subscriptions and memberships should be addressed to :
The Soka Economic Association, Soka University
1-236 Tangi-machi, Hachioji, Tokyo 192-8577
























































i 季刊　創　価　経　済　論　集　　　　Vol. XLVII, No. 1・2・3・4
ました。私が書いた学部生の論集の拙い文章も見て頂きました。先生は、期待の言葉をかけ続け
てくださいました。














































「戦後イギリスにおける失業保険の展開 : 1966 ～ 77年（その１）」『創価経済論集』（創価大学創
立10周年記念論文集）第10巻2号、1981年3月





The Impact of British (Scottish) Influence of Technology  
and Business to China and Japan after India  
in the Late Nineteenth Century
Masami KITA*
1) Cultural and Historical Difference between Scotland and England
2) The Influence of the Scottish Renaissance
3) Scottish Shipping to Asia in the Nineteenth Century
4) Scottish Approach to India and China
5) Scottish Influence in China
6) European Approach to Japan before 1858
7) European visitors to Japan after 1859
8) Scottish Contribution to the intellectual Development of Meiji Japan
  A) The Influence of Scottish New Ethics and Philosophy on Japan
  B) The Role of Scottish teachers in Japan
9) Conclusion-Some Characteristics of Scottish Diaspora in Japan
1) Cultural and Historical Difference between Scotland and England
Though Scotland occupied the North part of the British Isles and had some similarities in terms 
of race, religion and culture since medieval period, Scotland constituted an entirely different nation.
When Queen Elizabeth I died in 1603 leaving no successor, King James VI of Scotland was 
invited to become the head of the English nation under the title of James I, creating a history of the 
Union of Crowns. However this did not herald the beginning of a real collaboration or co-operation 
between the two nations.1)
In 1694, the Bank of England was founded in London under a Scottish manager and soon 
became quite successful, branching out into the wool trade as well as trade with India through 
the English East India Company (EIC). On the contrary, its counterpart, the Bank of Scotland 
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established in 1695, became heavily indebted and nearly bankrupt as a consequence of the activities 
of the West India Company (Darien Company) in West Indies.2)
In order to maintain the very survival of the nation, Scotland was forced to accept the proposal 
of unification on rather unfavorable terms of one twelfth pound depreciation. In 1707, under the 
Union articles, Scotland was granted membership of the United Kingdom, which exempted it from 
the Navigation Act of 1651 and allowed it free entry into any port of the old English Empire (which 
then became the British Empire).
In 1715, the first Jacobite Rebellion lead by the loyalist and unsatisfied landlords to the Union of 
1707, took place and the executives of the Bank unsuccessfully supported the Rebellion.
Then in 1727 the Westminster government decided to set up a most-favored bank in Scotland in 
cooperation with the English leaders; consequently the Royal Bank of Scotland was founded. Again 
the Second Jacobite Rebellion took place in 1745, both banks executives did not longer support 
the revolts to favour of advanced economic prosperity of the South. It means that the Lowland of 
Scotland more closely related to England than to the Highland of Scotland. In addition, one year 
after 1745, the British Line Company (constituted as a Bank) was granted the Royal charter of 
banking business in Scotland.3)
As the city of Glasgow found the shortest distance between the American city Boston, London 
lost its importance to conduct tobacco and sugar trade with America. Instead Glasgow became the 
important port of entry and exit. Scotland became the successful business leader of the trade was 
called the Tobacco Lord, becoming the leader of Scotland gaining immense fortunes in many ways.4)
The prosperity of the tobacco trade in Scotland, the introduction of new industry especially that 
of cotton and of linen initiated by their English favored committees of Annexed Forfeited Estates 
Commission and of Board of Trustees of Manufacturers and Board of Trustees for the Improvement 
of Agriculture and Fisheries started in 1727. And the committee suggested to revitalize her trade 
with the West Indies.5)
The Scottish banking practice, composed of three major Scottish bankers, initiated collaborative 
business transactions and practices which were different from the monopoly of Bank of England in 
the South.6)
2) The Influence of the Scottish Renaissance
In late 18th century, the Scottish Enlightenment, supported by the laird (landlord) became the 
vanguard of European philosophy of humanity and which had languished since the Middle Ages. 
Pursuing different scholastic goals than Oxford and Cambridge of England which preferred to 
teach noble subjects, the four Scottish universities namely St. Andrews, Glasgow, Aberdeen and 
Edinburgh devoted themselves to pursuing practical and profitable activities in using their own 
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hands suitable for the modern world.7)
The characteristic of practical education in Scotland was rooted and symbolized into the Act of 
the first European compulsory education to ordinary peoples in 1496.8)
The tradition of Scottish practical education worked well with the increasing demand of 
engineering activities while the civil society appeared and developed.
In due course, Scottish technological education became the hallmark of education imparted at 
Anderson College at Glasgow founded in 1786. The College produced a number of good assistants 
to professional engineers who graduated mainly from Glasgow and Edinburgh universities in 
Scotland. Then, Anderson College (later called Strathclyde University) was also linked through 
Scottish engineers to the Royal Schools of Mine, Chemistry and Science in London (later called the 
Imperial College of Technology).9)
Between 1780 and 1815, the expansion of EIC business activity was developed beyond the 
business boundary of India in employing the local peoples (Lascar). In 1813, the privilege of EIC 
with India and in 1833 with China was abolished as free trade with Scottish traders progressed and 
spread.10)
A number of Scottish engineers from universities known for their scientific and technological 
inventions rushed to India. In fact it is said that the Industrial Revolution was achieved by the 
first generation of Scottish engineers in the fields of textile (linen, jute, cotton, wool), coal, iron 
(pig, malleable, wrought and steel) and mechanical goods(locomotive, rail and steamers), and 
shipbuilding. Scottish engineers who came to India belonged to the second and third generation of 
these engineers.11)
3) Scottish Shipping to Asia in Nineteenth Century
According to the expansion of Scottish activities in the World with new knowledge and 
technology, owed to the great inventions of steam engines and related machines, Scottish engineers 
made Glasgow the capital of mechanics and shipbuilding and in the consequence of that, they 
contributed to launch many shipping companies in the world market.12)
In fact, Scottish shipping to India and China was accorded with the expansion of Glasgow and 
Scottish business interests. In particular, after the victory of Calcutta, British India strongly wanted 
to invite the steam navigation company to control the sea routes and protect trade against natural 
upheavals such as sea tides and strong wind. Scottish rivals in Bombay which were related to old 
partners favored the big and conventional sailing vessels.
With the abolition of Navigation Act after the 1st Opium War, American clippers joined the 
competition of tea trade between India and London and regularly crossed the Pacific. Although 
Scottish shipbuilders used her advanced naval technology to build worldly renowned beautiful and 
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high speed clippers such as Stornoway, Chrysolite, Cutty Sark navigate the oceans before the era of 
steamship navigation, the age of clipper was short and transient.13)
Then during the transient time from wood and sailing to iron and steam engine, in Asian waters, 
the competition between Scottish steamers and American paddle steamers (Russell & Co, Augstine 
Hard, Oliphant & Co) was rather fierce.14)
When the initiation of steamship navigation, there were several British (Scottish) shipping 
companies in the Asian sea, like British India Steam Navigation Co., Peninsular & Oriental 
Navigation Co., Anchor Line, T. Isamay & Co, Messrs. Sloaman & Co, Hamburg, New Zealand 
Shipping Co, Clan Line (Cayser Irvine Co), Maclay & McIntyre Co, Furness Witny Co and Elder 
Demster Co. These ships mostly built mostly at shipbuilders of Glasgow and West of Scotland with 
highly advanced rigs.15)
As one of the important element to help the international expansion of Scottish peoples, they 
had the tradition of working abroad in Europe since the medieval time through the mercenary and 
business activity to improve their lives. They were then able to establish their own network to help 
each other often termed as Scottish outer nepotism.16)
In the nineteenth century, Scottish network were almost worldwide and Scottish diplomatic 
network was made through Lord Gordon who became Minister of Foreign Affairs in 1824 & 1841 
and later PM in 1852 and who appointed many his friends to the foreign service to the new frontier 
of British Empire.
In fact, the 8th Lord Elgin, James Bruce was posted to China, where his brother Frederic 
was the first British Ambassador, to consult the Arrow Incident and was ordered to go to Japan 
immediately after the rumor of American and Japan trade treaty by Townsend Harris.
There were a number of international navigation companies in Asian sea because the western 
powers in the late 19th century, sent their national shipping companies with their expectation of new 
business opportunity. Among them, there were British companies of P&O, B. I., Archor Ismay, Allan 
Shipping, Holt, Clan Shipping & Blue Funnel Line and French Messagerries Maritimes, Dutch 
Netherland & S. S., German, Hamburg American Line and America, Swire Navigation Co.17)
4) Scottish Approach to India and China
Scottish traders actively approached China coast to take part in the lucrative trade as the 
vanguard of British capitalism. In 1832, J&M (Jardine & Matheson) Co started an of fice at 
Guangzou for the opium trade after the defeat by Jewish, D. Sassoon at Bombay. Then, in 1833, 
Monopoly of EIC trade with China was abolished to offer the many individual traders to join such a 
profitable trade.
In 1840, the 1st opium war was taken place and after suppression of the revolt in 1843 at 
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Shanghai, three British Consulates, Shanghai, Xiamen, Guangdong were established. Scottish 
merchants, J&M, Mata Gibb, Livingston, also started their own business branches there. In next 
year, America & France signed the treaty of commerce with China to participate in the business 
activities at Shanghai.18)
In 1845, the First Shanghai Land Act of twenty-three articles was passed and in next year, the 
Committee on Road & Jetties (G. Wolcott of Russell Co for American Consul, Alcock for that of UK) 
was founded. In 1847, Oriental Bank set up her branch and Anglican Church & Society of Jesus 
established her station at Shanghai.
In 1849, French territory of the land was also formed and In next year, P&O initiated the 
navigation route to Shanghai and then, many merchants and businessmen quickly visited Shanghai 
and proceeded to enter into the inlands part of China along the big rivers.19)
In accordance with the construction of civil society at Shanghai, the first English newspaper 
of North Herald China (later to be North China Daily in 1864) was started to provide news and 
information among Western peoples of Shanghai. But the reaction against the Western aggressive 
invasion to China was happened in the form of the revolt at Shanghai in 1851. After the suppression 
of the first Taiping Rebellion, in March 1853, the Germans started a consular house. In April, J. 
Perry Commodore of American East India Co. started Singapore via Shanghai for Japan.
In June 1854 UK, America and France singed the custom treaty with China and adopted the 
second Land Act of Shanghai. They also launched the Bureau of Public Work as its administrative 
function. In February 1855, Parks accompanied Sir Bowling to Siam to sign the treaty in next year. 
Scottish businessman H. N. Lay initiated a tax office and engineer W. Willis built the first wooden 
Western bridge in Shanghai.20)
In January 1858, European Committee was launched under the chairman of Parks and in 
November, trade agreement of custom among three nations with China was ruled, in December 
of the year, R. Alcock was appointed to General Consul of Japan (in June next year, he entered 
Nagasaki & Edo).21)
In January 1859, Parks was appointed Consul at Shanghai and In June, American Minister of 
Harris moved from Shanghai to Nagasaki. In September, Scottish merchant T. B. Glover firstly 
reached Nagasaki as an agent to Mackenzie Co. and later became an agent of J&M. It is noteworthy 
of the Japanese translation of General Geography written by W. Muirhead well known Scottish 
philosopher was published.22)
In July 1860, the treaty of Arrow Incident, China admitted Christianity and foreign diplomat 
was allowed to stay at Peijin and added the number of trade ports, In October, French Comptoir 
d’Escompte de Paris founded. British and American missioners started some colleges, hospitals 
and printing houses at various places. W. Saunders arrived to set up the first studio of photography 
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at Shanghai (he died at Yokohama in 1893). In 1861, W. L. Wood & Y. J. Allen launched the New 
Shanghai Weekly Journal.23)
In addition, many firms like cotton spinning and mechanical engineering were established as 
branch of industrial giants of Glasgow, Liverpool and Manchester.24)
5) Scottish Influence in China
In 1862, the second revolt was taken place to attack the Shanghai foreign settlement, 
Consequently, British and American united to make a common territory and ameliorated the road 
system of Shanghai against the rebellion. American Russell & Co launched the first local line of 
Shanghai Steam Navigation Co.
It happened that the Japanese visit to Shanghai from 6th May to 5th July of this year, by Senzai-
Maru, Tomoatsu Godai, Kuranosuke Nakamuda and Ryoma Sakamato visited Shanghai to look 
around the modern society under the Western Influence.
In 1864 March, British merchant launched Shanghai gas co and Royal Mint at Hong Kong 
which was closed to be sold to Japan in 1868.25)
In 1865 April, Hong Kong Shanghai Banking Co started her Shanghai branch. August, first 
post office and Gas lights were made at Shanghai In 1866 January, German Club of Shanghai 
was organized, August, Gass Light was also introduced to French quarter. October, Russell & Co 
established first telegraph office, French built a dockyard at Fuzhou.26)
American big rush to China was followed again after the end of her Civil War and in 1867 
October, Pacific Mail between Shanghai and San Francisco was initiated. In 1868 June, British 
Butterfield & Swire Co opened her Shanghai branch. and because of the business demand, many 
banks of Scottish origin, Chartered Bank of India, Australia & China, Chartered Mercantile Bank of 
India, London & China, Oriental Banking Cooperation opened their branch and a French banking of 
Comptoir d’Escompte de Paris also started there.27)
In 1869 April, committee of UK, America & German consuls agreed to make a rule at Shanghai 
foreign settlement. In November of the year, F. Lay succeeded in providing 1 million pounds at 
Shanghai for Yokohama Shokin Bank which was designed by Scottish engineer, J. Robertson. in 
1870. In 1871 the cable line between Hong Kong and Shanghai was made to connect the line finally 
to London.
6) European Approach to Japan before 1858
Western (British, Scottish) peoples worked abroad and emigrated to new promissory land of 
the world with new technology through three major industrial progress and expansion of railway, 
steamer and telegraph. In terms of telegraph, there were three routes, firstly through Siberia via 
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North Europe, secondly India and China and thirdly America and Pacific Ocean.28)
In February 1854, Perry entered Edo Bay and signed the Kanagawa Amicable Treaty. At that 
time, American Presbytery D. M. McCartee was asked to go to Japan. Then, in next year, J. L. 
Nevius to China and Hepburn to Japan as assistant were appointed.
In October of the year, Anglo-Japan Amicable Treaty was agreed and Hakodate Bugyo (director) 
was posted to deal with visitors from foreign country Western approach was made mostly to 
Hakodate of Hokkaido and Nagasaki of Kuyushu.29)
In 1855 February, Russo-Japanese Amicable Treaty was signed and in March, two British ships 
entered Hakodate when Japanese father and son of Tsuzuki tried to build a copy of small Western 
ship at Hakodate only by themselves. On the other hand, the old regime of Tokugawa government 
invited Dutch Navy of ficer, G. Fabius to build an ironwork factory to prepare the iron ship 
construction at Nagasaki.
In 1856 January, Dutch-Japanese Amicable Treaty, February Institute of foreign studies was 
started at Hakodate, July at Hakodate, foreign ship was allowed to get beef meat only at Hakodate, 
where N. Muragaki was appointed to the Marshall and American General Consul, Harris arrived at 
Shimoda. Foreign studies institute was made at Edo.30)
In 1857 September, under the agreement, Dutch naval engineer, W. J. C. Kattendijke & doctor 
Pompe van Meerdervoort arrived at Nagasaki to foster young Japanese engineers and doctors. 
In April the same year, E. E. Rice, American Trade Commissioner arrived at Hakodate and taught 
Japanese, English and sheep breeding, in July Tuzuki built a Western ship, Hakodate-Maru, helped 
by U. Fukushi who learned a rig from British sailor, October M. Nakamura, ex-fisherman of Kouchi 
who had been distressed by American ship and was permitted to return home after the Meiji 
Reformation, visited Hakodate to teach a method of whale catching which he had learned while in 
America.31)
7) European Visitors to Japan After 1859
In 1858 February, American surgeon, C. M. Harts arrived at Hakodate to hand the letter from 
American President and in July America and Japan Amity Trade Treaty was made and in August, 
three nations of Dutch, UK, Russia and in October, French followed to sign the same sort of the 
treaty.32)
Scottish diplomat, 8th Lord Elgin (James Bruce) on behalf of UK came to sign the treaty on 
the ship navigated by Cap. G. Osborn to present the yacht under the name of Emperor and he 
accompanied Scottish fellows, secretary L. Oliphant, photographer J. Noslin. Then in December of 
the same year British first consul to Nagsaki, G. S. Morrison, to Hakodate, Hodgeson, to Kanagawa 
Cap. H. Vyse, were posted. French used staffs of Dent company to foreign service in Japan, for 
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example, Scottish K. R. Mackenzie to Nagasaki.
Scottish traders and businessmen were very smart to come to Japan soon after Japan open up 
the nation, as they mostly in comparatively short disntance, moved from Hong Kong, and Shanghai, 
because they could enjoyed the exclusive privilege of the exchange favorably for them in using 
Mexican dollar against Ichibugin (Japanese silver coinage) and Ichiryo (gold coinage) of Japan in 
those days.33)
There were a number of British (Scottish) companies to Yokohama like Dent & Co, Fletcher & 
Co, D. Sasson & Co, which moved from Shanghai, G. Barnett & Co, Adamson & Co and from other 
areas, like Macpherson & Marshall, W. Kemptner, Ross, Barber & Co, H. J. Hooper, Aspinal, Cornes 
& Co, Hughes, Willgos & Co. Those merchant houses dealt with the import of cotton, textile, sugar 
and oil and the export of gold and silver coinages, copper, silk, tea, sea-weeds for Japan.
A very good number of Scottish peoples visited Japan in the end of Tokugawa and early Meiji 
periods. Among them, famous peoples were W. Keswick, grandson of the founder of J. & M. to 
China in 1855 and then to Nagasaki & Yokohama after Japan opened A. A. Shand, clerk of Chartered 
Mercantile Bank of India, London & China at Yokohama and worked for the establishment of 
Bank of Japan and fostered many Japanese youth to bank clerks. R. H. Brunton who became the 
first foreign employee by Meiji Government in 1868 came from R. Stevenson Co at Edinburgh 
to construct lighthouses around Japan. A. R. Brown, a captain of P&O, firstly helped Brunton in 
navigation and secondly founded N. Y. K. Japanese navigation Co which was originally Mitsubishi 
Steamer Co. and on his return to Glasgow, he set up the a merchant house of maritime goods. 
Brown was appointed to be the consul for Japan at Glasgow. In 1883 when he returned UK.. F. Elgar 
being invited to Japan in 1873 to build dockyards and ports, returned to be the first professor of 
naval architecture at Glasgow university.34)
8) Scottish Contribution to the Intellectual Development of Meiji Japan
A) The Influence of New Scottish Ethics and Philosophy on Japan
The introduction of new ethics (Ideology of Engineers) to change feudalistic idea to the new 
spirit of working hard and diligently to build a modern nation enough to be called the Britain of the 
East.35)
Many books of Scottish teachers were translated into Japanese, which encouraged to make 
peoples understand the concept of Western civil society. Aoki Shusuke of Choshu clan translated 
the book of W. Muirhead, M. Nakamura for the book of S. Smiles, T. Hayashi for the book of J. S. 
Mill and the book of the Wealth of Nations by A. Smith as well. Those books of Scottish thinkers and 
engineers gave a big influence to Japanese youth of the outline of Western civilization. Then, the 
ideology of engineers, namely that engineer should be granted for the fourth modern profession 
March　2018　　Masami KITA
in next to lawyer, medical doctor and priest already admitted in the medieval time, was socially 
enhanced.36)
A Scottish railway engineer E. Morel who came through the works at India, proposed the 
government to launch the Ministry of Public Work so as to promote the Industrialization of Japan. 
He invited engineers of J. England, H. Houghton, R. Abbey & T. Shann. In addition, W. Cargill, 
manager of Oriental Bank, worked for raising foreign bonds for railways in Japan.37)
This idea of the Ministry was based on the success of Bureau of Public Works at Hong Kong. 
Then, he suggested the Meiji government to promote the total scope of social development of Japan 
to break through the old ethics of feudal society with the Scottish ethics which was rooted into the 
ideology of Scottish Renaissance.
There a number of British (Scottish) teachers to higher institutions of Japan, like H. Dyer, the 
father of technological education in Japan, W. Burton who was invited by Ministry of Home Affair 
and contributed to development of sanitary fields of Japan. W. Anderson, Director of Medical bureau 
of Navy College in Japan. B. H. Chamberlain, came to Japan as telegraph engineer and with W. B. 
Mason, published a handbook of travelers in Japan. H. J. Black and his father J. R. Black started the 
Japan Herald in the end of Edo era. He became the first Western comedian at Kobe.
It is another very interesting for us to know a number of American engineer and missionary 
rooted in to the Scottish origin. These peoples like J. C. Hepburn, priest of American Dutch 
Reformed Church, Princeton University graduate, whose father was from Bothwell and 
Presbyterian. E. Dunn, arrived to Hokkaido in 1873 to be called the Father of Dairy business in 
Japan, whose grandfather from Edinburgh. W. S. Clark, most famous foreigner in Japan to teach 
Sapporo Agricultural College, who studied at Freiburg School of Mine and Gottingen before 
Japan.38)
A number of Scottish American Missionaries related with American Presbytery and Dutch 
Reformed Church came to Japan and moved further to Korea and China.39)
B) The Role of Scottish Teachers in Japan
The root of British teachers to Modern Japan was mainly from Scottish universities of Glasgow 
and Edinburgh based on the basic education at Anderson College (now, Strathclyde University) 
and English institutions influenced by Scottish technological education. Scottish teachers to 
Kobudaigakko, Kaisei School, Imperial & Tokyo University.
① Glasgow University was concerned, there were H. Dyer ( Principal, Civil Engineering), W. G. 
Dixon (English Literature), T. Gray ( Telegraphy), T. W. Watson (Engineering), T. Alexander 
(Mechanical Engineering), A. Hillhouse (Naval Architecture), J. Struthers (Chemistry), J. 
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Perry (Civil Engineering), W. E. Ayrton (Telegraphy).
② Edinburgh University was concerned, there were D. H. Marshall (Telegraphy), J. A. Ewing 
(Engineering), C. G. Knott ( Physics), J. M. Dixson (English), W. Renwick(Mint). Interesting 
enough, Scottish Missionaries & Doctors, H. McGill, Church of Scotland at Edinburgh, was 
concerned with Japan and raised a fund of 9000 pounds in 1872 to send Rev. H. Waddell 
(from China), Rev. R. Y. Davidson & Dr. H. Faulds (EU Medical graduate, discovery of finger 
print), T. A. Palm (from Sri-Lanka) Dr. Neil G. Munroe, EUM graduate, came to Japan in 1862 
launched Yokohama hospital, Sanatorium at Karuizawa & moved to Hokkaido to study and 
preserve the Ainu culture.
③ London Schools of Mine, Chemistry & Science (Imperial College of Technology) was 
concerned, there were W. Gowland & E. Dillon(Mint), E. F. Mody (Drawing), E. Divers 
(Chemistry), J. Mine (Telegraphy, via GU) and
④ University College, London was concerned, there were J. Condee (Architecture), R. W. 
Aitkinson (Chemistry), J. E. Manning & P. William (Railway).40)
9) Conclusion: Some Characteristics of the Scottish Diaspora in Japan
In Japan until recently, Japanese historians worked on Meiji Japan using only the historical 
documents available in Japan. In the 1860’s though Japan was supposedly isolated from the rest of 
the world and limited only to the Far East, it nevertheless was related with the world economy and 
politics. There were many documents written on Japan by non-Japanese visiting scholars which 
were now possible to access. To the Japanese all westerners were pejoratively called Ketou. Most 
Japanese were unable to distinguish the British from other European peoples.
Any discussion about the Scottish diaspora must also take into account the recent studies 
defining the concept of the European Diaspora and how it is different from the old definition of 
the Jewish and the Armenian diasporas. Many Scottish scholars prefer to use the term Scottish 
Diaspora to refer to both the Scottish diaspora in the World and also in Asia.
The paper argues that the movement from 1830 to 1870 laid the foundation of modern social 
and economic relations between the western and Asian countries through business enterprise and 
education. 
In my conclusion, I wish to reiterate five major characteristics of the Scottish Diaspora that 
developed in Asia and Japan. They are the following:
・Firstly, a network of Scottish diplomats, merchants, engineers, teachers and missionaries 
developed throughout Asia, and this network was founded on an intelligent fusion of science 
and information.
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・Secondly, an efficient organization of sending emigrants and receiving immigrants from other 
places developed as a consequence of historical experience since the medieval times and in 
particular, after the Jacobite Rebellion of 1715 and 1745.
・Thirdly, a tradition of practical engineering skills and philosophy and a balanced development 
of the individual in society gradually grew to encourage trade and commerce.
・Fourthly, the development of the locomotive, railway, mechanical engineering and steamer 
as the quintessence of the Industrial Revolution and fifthly, the growth of cultural pride, 
international tolerance.
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である。ここでλは共役状態変数であり
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である。(4) の左辺は市場全体の需要量で、右辺は総供給を表す。(5) は企業の生産量を表し、










































































精度と計算時間を考慮して、Δs=0.01 とした。費用関数と需要関数の係数は a=10, b=120, 
H=40, μ=0.03, α=1.3 とする。総需要は年率3% の割合で増大し、割引率は年5% とする。資源の
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となる。両辺から V を引いてΔt で割ると、ハミルトン・ヤコビ・ベルマン (HJB) 方程式
q
V max U ]
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で与えられる。ここで∂V(t,S)/∂S は資源の限界価値を表す。価格が上昇するか、レントが低く
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を得る。一般に











































　資源の埋蔵量と時間を S=[S 1,S 2, . . ,S n]、t=1,2,.. ,120 と離散化する。前節と同じ費用関数と需
要関数を仮定し、(10) の拡散係数はσ= 0 . 1 とする。つぎのステップで均衡価格と生産量を求めた。
(1) t=1,2,.. ,120 について初期値 p(t)0 を与える。
(2) HJB 方程式から V(t, S)0 を求める。
(3) (14) から q(t,S)0 を計算する。
(4) コルモゴロフ方程式から g(t,S)0 を求める。
(5) (17) から p(t)1 を計算して p(t)0 と比較する。∥p(t)1 – p(t)0∥≤εであれば終了する。そうで
なければ p(t)0=p(t)1 としてステップ (1) へ戻る。
　図4 は数値計算で求めた総生産の変動を示している。全体的に図1 と変わらないが、ピークア
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ウトする時期は遅くなる。不確定要因があると企業は慎重になり、その分資源は長期間枯渇しな
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図6 資源分布の変化
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である。ここでδ(・)はデルタ関数、λ(t) は共役変数である。価格と生産量はつぎの式を満たす。
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1) 資源問題を取り扱ったわけではないが、Bewley (1986) のモデルは唯一の例外である。





















teqCqp UO  )(')(
と表される。これより完全競争均衡では社会的価値が最大化されることがわかる。独占企業の場合、
最適条件は満たされない。
4) Gúeant et al. (2010) も同じ関数を用いている。
5) 平均場ゲーム理論について、Lasry and Lions(2007) が基本的な文献である。Gúeant(2009) は簡単な応
用例を紹介している。
6) 汎関数微分については、Lucas and Moll(2014) の説明がわかりやすい。 
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と仮定する。差分法は (1) の偏微分方程式を次式で近似する方法である。
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* 創価大学経済学部、教授
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)(),0( 0, xuxu hh   (4)
ここで h は t, x の分点の間隔を表す。uh は点 (t,x) における u の値、[uh]t,x は (t,x) 以外の点にお
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が成り立つ。
（安定性）
　任意の h ＞0 に対して、近似解は一様有界である。
［Barles=Souganidis の定理］
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ここで c は消費、k は資本ストックである。動的計画法のベルマン方程式は
c
kV max)(  U )})()((')({ ckkFkVcU  G  (12)
と表される。消費が決まると、貯蓄は s=F(k)–δk– c で与えられる。定常状態の資本と消費は
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法で近似解を求める。資本ストックを区間 [kmin, kmax] にとり、ki , i=1,..,N で近似する。分点の
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とする。計算機でつぎのアルゴリズムを実行する。










［ステップ 2］(13) から V 1
i
を求める。





を計算する。d≤ ε であれば V1 を解として計算
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と表される。ここで P n はつぎの N×N の三重対角行列である。
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(21) から
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n
N
nnn cUcUcUU   である。V n+1 は S n
の逆行列を用いて




［ステップ 1］(16) から V n
i
 を計算する。 
［ステップ 2］(19) から c n
i
 を計算する。
［ステップ 3］(22) から V n+1 を求める。
［ステップ 4］ Hd |||| 1 nn VV であれば停止する。そうでなければステップ 1 へ戻る。
任意のΔに対して、Barles - Souganidis 定理の三つの条件が成り立つ。実際に計算してみよう。
資本ストックを 0.004≤ k≤ 8 .38 の区間にとり、モデルのパラメータを α=0.3, ρ =0.05, γ = – 3 , 

























することができる。図2 は α=0.5, ρ =0.05 のケースについて、価値関数の相対誤差をプロットし
ている。定常点における相対誤差率は 7.83×10－7 % と低く、平均すると 0.003% の誤差が生じる。
全体的に近似精度は高く、差分法は最適成長モデルに対してきわめて有効である。
図1 消費の政策関数
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と表される。ここで log(z) は O- U 過程 
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を得る。消費と貯蓄は
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で与えられる。
　差分法を適用するために、区間 [zmin, zmax] に M 個の分点とる。分点の幅は Δz=(zmin– zmax )/M
である。この場合も陽解法と陰解法の二つの方法があるが、計算速度が格段に速い陰解法を使用
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と表される。変形すると





































W と R は疎行列である。高精度の解を得るには大規模な連立1次方程式を解かなければならない
が、疎行列の性質を利用した効率的な計算法がある。陰解法を使うと、有限回の反復計算で解が
得られる。しかも初期値によっては、数回反復しただけで収束する。実際にモデルを解いてみよ
う。モデルのパラメータを α=0.3, ρ =0.05, γ=–3, δ=0.06, μ=0.1, σ2=0.02, Var=0.1 とした。定
常状態における z の平均値は 1.03 で、資本の平均値は k S=4.34 となる。Δ=1,000, ε=10 - 6 とする
と、6回反復しただけで収束条件を満たす。図3 は消費の政策関数である。横軸に資本ストック
と全要素生産性をとり、縦軸は消費である。理論的に予想されるとおり、消費は資本と生産性の
増加関数となる。パラメータの値を変えても、関数の形はあまり変わらない。図4 は z=0.95 と
z=1.10 としたときの貯蓄関数を示している。全要素生産性が上昇すると、貯蓄は増加する。図

































1) これらの解法については釜 (2015) を参照せよ。
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図4  貯蓄関数
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　気候変化に関する政府間パネル (IPCC) によると、今世紀末までに 2000年に比べ気温が 4.8度
上昇すると予測されている。気候変化は気温だけでなく降水量にも影響を及ぼすため、農業生産
にも影響を与えると考えられている。 生育期間の最低気温が１度上昇するとコメの単収は約10%
減少すると報告する研究もある (Peng et al. (2004)) が、熱帯地域では単収が減少するが高緯度地
域では単収が増加するといわれているように 1 、一般には地域ごとにその影響は異なる。
　では、世界全体では穀物の生産は気候変化によってどのような影響を受けるのであろうか。例
えば、Rosenzweig and Parry (1994) は、世界の貿易モデルを使って、気候変化（大気中の二酸
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化炭素濃度の上昇）が食料供給に及ぼす潜在的な影響を試算している。勿論、シミュレーショ
ンの前提条件や、適応策の有無によってそのインパクトは異なるものの、適応策を採らない場
合2060年には国際価格が 25% から 150% も上昇するという結果 2 が得られている。また、Furuya 
and Koyama (2005) は、技術進歩の代理変数としてのトレンドと気温、降水量を説明変数とする
国別の収量関数を計量経済学的手法により推計し、世界の穀物需給に及ぼす影響を調べている。
対象作物は、コメ、小麦、トウモロコシ、大豆であるが、国際価格の下落率は小麦で 5%（ベー





























Source : World Bank Pink Sheet.















































Figure 2 Per capita food supply amd the share in rice and wheat
(Least Developed Countries)
LDCs (kcal/day) Rice share (%) Wheat share (%)



























　Furuya and Kobayashi (2009) は、コメ、小麦、トウモロコシ、大豆、粗粒穀物を対象に確率
的穀物需給モデルを構築している。穀物需給モデルの構成要素である収量関数をトレンド、気温、
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　通常の 4 パラメーター・ロジスティック曲線に気候変数 (temp、radiation、precipitation) を加
えるとともに、作物モデルの知見に基づき b の定式化などに工夫を凝らし、気温と収量の間の














づく計量経済学的分析の方が優れていると主張する。辻井の評価に基づくと、Furuya et al. (2015)
の方向性は理想的である。
10  詳細は https://www.gtap.agecon.purdue.edu/databases/default.asp を参照のこと。
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　Grassini et al. (2003) は、世界各地の穀物単収推移を Linear, Quadratic plateau, Linear piecewise, 
Linear upper plateau, Linear lower plateau, Exponential の６つの関数型を用いて時間のみで説明す
る式を推計することで技術進歩のパターンを検出している。興味深いことに、Furuya et al. (2015) 
がベースとして用いた４パラメーター・ロジスティック曲線は、Grassini et al. (2003) で採用し










　本研究で使用するデータは米国農務省が公表している PS&D 11 および英国 Climate Research 
Unit が公表している気象データ (CY 4.00) である。国際機関が需給モデルを推計するときには国














とモデルの理論値の比率を作況指数として定義した。推計結果は Table A に示したとおりである。







ボアールなどのアフリカ、中東での変動が大きいことが分かる。相関係数は概ね - 0.40 から 0.5
の間にありそれほど高くはなかった14。
　また、Table 2 には、1960年～ 2015年の作況指数の相関行列を示した。Table 2 の下段にはそ
れぞれの国のなかでの相関の特性を表す最大値、最小値及び平均を示してある。他の期間につ
13  長期的な気候変化要因はトレンドに吸収されていることにも留意する。
14  1990 年代に、IRRI の RICE Statistics で作況指数の相関を調べたことがあったが、高いも
のでも 0.7 程度であった。
Table 1  Yield Variation of Rice
60's 70's 80's 90's 00's 10's  '60-'80  '81-'00  '00-'15
China YVLCH 1.000 0.057 -0.590 1.625 9.4 0.108 0.055 0.048 0.017 0.018 0.014 0.076 0.030 0.025
India YVLIN 1.000 0.064 -0.872 0.472 7.6 0.088 0.080 0.059 0.034 0.049 0.027 0.075 0.051 0.051
Indonesia YVLID 1.000 0.034 -0.297 -0.318 1.1 0.027 0.042 0.031 0.025 0.032 0.005 0.037 0.038 0.026
Bangladesh YVLBG 1.000 0.039 -0.591 0.130 3.3 0.042 0.046 0.029 0.056 0.028 0.017 0.040 0.045 0.025
Vietnam YVLVM 1.000 0.053 -1.170 1.432 17.6 0.057 0.088 0.060 0.031 0.020 0.018 0.068 0.040 0.022
Thailand YVLTH 1.000 0.046 -0.717 0.876 6.6 0.057 0.068 0.030 0.039 0.014 0.049 0.055 0.038 0.032
Myanmar YVLBM 1.000 0.054 -0.267 0.320 0.9 0.063 0.038 0.034 0.029 0.082 0.047 0.046 0.046 0.071
Philippines YVTRP 0.999 0.062 -0.765 0.868 7.2 0.069 0.083 0.034 0.053 0.043 0.020 0.075 0.058 0.036
Brazil YVLBR 1.000 0.081 0.392 1.064 4.1 0.096 0.057 0.060 0.041 0.039 0.024 0.103 0.055 0.037
Japan YVSQRJA 1.000 0.055 -2.080 8.011 190.1 0.043 0.048 0.057 0.095 0.042 0.010 0.049 0.073 0.033
Pakistan YVSQRPK 1.001 0.090 -0.128 -0.787 1.6 0.116 0.058 0.074 0.071 0.061 0.063 0.095 0.073 0.067
USA YVTUS 1.001 0.054 -0.052 -0.619 0.9 0.058 0.062 0.060 0.035 0.024 0.038 0.064 0.044 0.029
Cambodia YVLCB 1.000 0.114 -0.222 4.150 40.6 0.118 0.228 0.040 0.079 0.069 0.011 0.145 0.066 0.055
Uruguay YVTUY 1.005 0.126 0.363 0.032 1.2 0.176 0.076 0.162 0.108 0.085 0.043 0.147 0.126 0.075
Paraguay YVLPA 1.000 0.146 0.453 0.240 2.0 0.130 0.077 0.081 0.158 0.160 0.113 0.141 0.135 0.144
Guyana YVLGY 1.000 0.123 -0.252 0.723 1.8 0.208 0.107 0.095 0.070 0.045 0.101 0.155 0.091 0.073
EU YVLEU 1.000 0.060 -0.965 1.918 17.3 0.073 0.098 0.042 0.057 0.032 0.025 0.073 0.051 0.029
Cote d'Ivoire YVLIV 1.000 0.125 -0.271 0.106 0.7 0.148 0.070 0.096 0.127 0.122 0.020 0.136 0.130 0.095
Iraq YVLIZ 1.000 0.255 -0.782 0.453 6.2 0.336 0.161 0.127 0.171 0.325 0.133 0.262 0.275 0.264
Senegal YVTSG 1.020 0.243 0.364 0.162 1.3 0.274 0.265 0.172 0.108 0.088 0.060 0.306 0.108 0.157
Source: Authors' estimation based on USDA PS&D data
Note 1: For the estimated yield functions, see Table A in appendix.
Kurt JB stat
Standard Deviation (SD) for sub periods










60's 70's 80's 90's 00's 10's
作業用・図 Change in yield variation(SD)
China India Indonesia Bangladesh Vietnam
Thailand Myanmar Philippines Brazil Japan
Pakistan USA Cambodia Uruguay Paraguay
Guyana EU Cote d'Ivoire Iraq Senegal
Table 2 Correlation Matrix of Yield Variation Index for 1960-2015
CH IN ID BG VM TH BM RP BR JA PK US CB UY PA GY EU IR IV IZ SG
CH 1.00
IN -0.16 1.00
ID -0.07 0.05 1.00
BG -0.03 0.30 0.01 1.00
VM 0.03 0.21 0.46 -0.16 1.00
TH 0.22 0.02 0.26 -0.06 0.32 1.00
BM -0.03 0.09 -0.37 0.18 -0.09 0.04 1.00
RP -0.19 0.17 0.30 0.37 -0.06 -0.03 -0.12 1.00
BR -0.06 0.26 -0.07 0.09 0.28 -0.27 0.05 0.10 1.00
JA -0.01 0.00 -0.19 -0.03 -0.17 -0.09 0.09 -0.03 0.05 1.00
PK -0.28 0.02 0.39 -0.12 0.03 0.10 -0.15 -0.13 -0.33 0.04 1.00
US 0.40 -0.06 0.06 -0.16 0.07 0.09 -0.13 -0.28 -0.02 0.07 -0.09 1.00
CB 0.30 0.26 0.23 -0.10 0.36 0.31 0.03 -0.42 -0.24 0.10 0.28 0.35 1.00
UY -0.31 0.04 0.47 -0.21 0.00 -0.03 -0.17 0.06 0.14 0.02 0.48 -0.02 0.08 1.00
PA 0.33 0.12 -0.24 -0.01 0.15 -0.13 0.18 -0.36 0.52 0.05 -0.20 0.15 0.26 0.03 1.00
GY -0.07 0.12 0.03 -0.02 0.06 -0.20 -0.09 0.32 0.40 0.06 -0.19 -0.15 -0.29 0.05 0.20 1.00
EU 0.05 -0.01 0.09 0.15 0.01 0.06 -0.03 0.18 0.09 0.04 -0.05 -0.02 -0.16 0.06 0.07 0.03 1.00
IR 0.13 -0.35 -0.42 -0.18 -0.27 -0.17 -0.07 -0.43 -0.07 0.05 -0.21 0.22 -0.14 -0.22 0.08 -0.16 -0.19 1.00
IV 0.16 -0.19 -0.02 0.05 -0.32 0.19 -0.04 -0.12 -0.54 0.14 0.11 0.10 0.18 -0.08 -0.37 -0.37 -0.01 0.04 1.00
IZ 0.09 -0.09 0.09 -0.03 -0.33 0.01 -0.14 0.07 -0.51 0.02 0.08 0.13 0.05 -0.09 -0.32 -0.31 -0.09 0.21 0.34 1.00
SG 0.06 0.29 0.05 0.23 0.21 -0.17 -0.16 0.25 0.53 -0.02 -0.16 0.12 -0.20 0.06 0.23 0.33 0.00 0.04 -0.44 -0.34 1.00
max 0.40 0.30 0.47 0.37 0.36 0.31 0.18 0.32 0.53 0.14 0.48 0.35 0.26 0.06 0.23 0.33 0.00 0.21 0.34 -0.34
min -0.31 -0.35 -0.42 -0.21 -0.33 -0.27 -0.17 -0.43 -0.54 -0.02 -0.21 -0.15 -0.29 -0.22 -0.37 -0.37 -0.19 0.04 -0.44 -0.34
average 0.03 0.07 0.06 0.00 0.02 -0.02 -0.05 -0.06 0.00 0.05 0.00 0.10 -0.03 -0.02 -0.02 -0.09 -0.07 0.10 -0.05 -0.34
Source: Authors' calculation
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BeginningStock MillingRate ( EndingStock )j j j j j jNE S D= + × − +
で定義され、国際価格は国際市場の均衡条件
0jNEΣ =
を満たすように決定される。但し、このモデルでは初期在庫 (BeginningStock) 、期末在庫 
(EndingStock) 、精米換算率 (MillingRate) は外生変数16 とした。
　統合型需給モデルで使用するベンチマークデータや諸弾力性については Table C に纏めたと
おりである17。分析に用いた弾力性は ERS/USDA で 1990年代に開発された SWOPSIM18 (Static 
World Policy Simulation Model) のデータベースから得た。国際市場の均衡条件を満たす価格は
15 Table B から 2000年～ 2015年と 2006年～ 2015年の相関係数の分布範囲を見ると、それぞれ－0.72
～ 0.76、－0.83 ～ 0.90 となっており変動が大きくなっているようにも読み取れるが、他の期間と比
較すると一般化できる結果ではない。国・地域レベルの気象変数や収量データを用いているからか
も知れない。更に細分化したデータを用いて分析するのは今後の課題である。










18 SWOPSIM の 動 学 バ ー ジ ョ ン DWOPSIM (Dynamic World Policy Simulation Model) は IFPSIM 












Source:  Authers' simulation resut
Figure 3 International Price frequency










Source: Authors' sumulation result
Figure 4 International Price frequency w/ correlation
 '80-'00  '00-'15



















Vernon Roningen は SWOPSIM、DWOPSIM の後継モデルを VORSIM として現在も開発を続けてい
る。
19  モンテカルロ・シミュレーションは EXCEL VBA を用いて行った。
20  Time Series Processor 計量経済分析パッケージ。www.tspintl.com
21  もとになる相関のない乱数は一度発生させたものを記録し繰り返し利用した。
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補論　相関を持つ乱数の発生方法
　 u を平均0、分散1、相互に独立な成分を持つ確率変数ベクトルとする。このとき、相関行列
は ( )E uu I′ =  となる。但し、 I は単位行列である。ここで、 v Tu= なる線形変換をとると、確
率変数ベクトル v の相関行列は ( ) ( )E vv E Tuu T TT′ ′ ′ ′= = となる。TT ′ が、与えられた相関係
数行列 Ω に一致するように行列 T を定めよう。相関係数行列 Ω は対称かつ正値なので、ある
行列 P が存在して PP′Ω = と書ける。従って、T P= と取れば良いことを知る。一般化最小二
乗法を導出するときと同じ手順である。これは、相互に独立な乱数から、与えられた相関を持
つ乱数が生成できることを示すものである。 Ω の PP′ への分解は、 Ω が直交行列で対角化可
能であること、固有値がすべて正であることを利用して求めることができるが、Cholesky 分解
を用いることも可能である。Cholesky 分解は LU 分解の特別な場合で、下三角行列 L を用いて、
LL′Ω = と分解するものである。本論文では、相関係数行列を Cholesky 分解することで、相関
のある乱数を発生させた。
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Table A Estimation result of rough rice yield function
functional
Country (Region) form a b c d a b c d R2 Adj-R2
Bangladesh Logistic 1.585 5.164 -0.104 41.990 0.00 0.00 0.00 0.00 0.990 0.989
Brazil Logistic 1.351 7.143 -0.109 48.573 0.00 0.00 0.00 0.00 0.986 0.985
Burma Logistic 1.621 2.751 -0.317 20.431 0.00 0.00 0.00 0.00 0.925 0.921
Cambodia Logistic 1.157 2.525 -0.176 39.926 0.00 0.00 0.00 0.00 0.910 0.904
China Logistic 1.730 6.762 -0.107 19.714 0.00 0.00 0.00 0.00 0.981 0.980
Cote d'Ivoire Logistic 1.069 2.673 -0.182 46.529 0.00 0.00 0.00 0.00 0.880 0.873
EU-15 Logistic 4.848 6.628 -0.136 27.191 0.00 0.00 0.04 0.00 0.791 0.779
Guyana Logistic 1.349 5.696 -0.062 33.413 0.06 0.00 0.06 0.00 0.888 0.881
India Logistic 1.156 4.019 -0.074 33.219 0.00 0.00 0.00 0.00 0.963 0.961
Indonesia Logistic 1.934 4.608 -0.203 20.319 0.00 0.00 0.00 0.00 0.984 0.983
Iran Logistic 2.982 0.026 0.00 0.00 0.525 0.516
Iraq Logistic 2.395 4.146 -0.749 50.350 0.00 0.00 0.28 0.00 0.372 0.336
Japan Sqrt Trend 4.335 0.319 0.00 0.00 0.738 0.733
Pakistan Sqrt Trend 0.807 0.345 0.00 0.00 0.880 0.878
Paraguay Logistic 2.079 8.119 -0.104 52.830 0.00 0.04 0.02 0.00 0.834 0.824
Philippines Linear Trend 1.029 0.053 0.00 0.00 0.975 0.975
Senegal Linear Trend 0.710 0.049 0.00 0.00 0.801 0.798
Thailand Logistic 1.773 2.863 -0.151 35.526 0.00 0.00 0.00 0.00 0.943 0.940
United States Linear Trend 2.581 0.704 0.00 0.00 0.889 0.887
Uruguay Linear Trend 2.546 0.097 0.00 0.00 0.876 0.873
Vietnam Logistic 1.742 6.932 -0.093 41.706 0.00 0.00 0.00 0.00 0.989 0.988
Source: Authors' estimation for yield function.
Note Functional form of linear trend is yield = a + b T,  that of Sqrt Trend is yield = a + b SQRT(T).
Estimation result of yield function
Coefficients for yield function p-values fitness
 Vol. XLVII, No. 1・2・3・4季刊　創　価　経　済　論　集
Table B Summary of the correlation in Yield Variation Index
X 1960 2015 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.40 0.30 0.47 0.37 0.36 0.31 0.18 0.32 0.53 0.14 0.48 0.35 0.26 0.06 0.23 0.33 0.00 0.21 0.34 -0.34 0.53 -0.34
min -0.31 -0.35 -0.42 -0.21 -0.33 -0.27 -0.17 -0.43 -0.54 -0.02 -0.21 -0.15 -0.29 -0.22 -0.37 -0.37 -0.19 0.04 -0.44 -0.34 0.04 -0.54
average 0.03 0.07 0.06 0.00 0.02 -0.02 -0.05 -0.06 0.00 0.05 0.00 0.10 -0.03 -0.02 -0.02 -0.09 -0.07 0.10 -0.05 -0.34 0.10 -0.34
1960 1980 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.75 0.47 0.72 0.45 0.43 0.38 0.25 0.42 0.67 0.26 0.42 0.54 0.24 0.24 0.37 0.54 -0.06 0.31 0.81 -0.62 0.81 -0.62
min -0.50 -0.38 -0.47 -0.34 -0.56 -0.36 -0.31 -0.50 -0.80 -0.13 -0.47 -0.31 -0.47 -0.57 -0.46 -0.66 -0.41 0.06 -0.69 -0.62 0.06 -0.80
average 0.01 0.13 0.05 -0.01 0.05 -0.02 0.00 -0.08 0.01 0.00 -0.08 0.11 -0.03 -0.07 -0.01 -0.18 -0.25 0.22 0.06 -0.62 0.22 -0.62
1960 1990 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.52 0.48 0.64 0.36 0.41 0.35 0.17 0.41 0.62 0.15 0.47 0.48 0.21 0.12 0.35 0.40 -0.05 0.24 0.75 -0.59 0.75 -0.59
min -0.44 -0.35 -0.50 -0.31 -0.43 -0.35 -0.25 -0.51 -0.71 -0.19 -0.37 -0.20 -0.37 -0.27 -0.45 -0.44 -0.28 0.11 -0.65 -0.59 0.11 -0.71
average 0.03 0.10 0.03 0.00 0.03 -0.02 -0.04 -0.07 0.00 0.02 -0.06 0.12 -0.04 -0.06 -0.03 -0.13 -0.16 0.17 0.05 -0.59 0.17 -0.59
1971 1990 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.38 0.51 0.64 0.55 0.73 0.41 0.33 0.61 0.59 0.43 0.46 0.55 0.38 0.34 0.34 0.36 0.04 0.19 0.14 0.09 0.73 0.04
min -0.48 -0.32 -0.53 -0.52 -0.33 -0.30 -0.45 -0.57 -0.58 -0.51 -0.53 -0.10 -0.20 -0.30 -0.46 -0.25 -0.29 0.05 -0.06 0.09 0.09 -0.58
average 0.11 0.09 0.05 0.00 0.04 0.00 -0.11 -0.03 -0.02 0.03 -0.03 0.11 0.00 -0.05 -0.07 0.01 -0.20 0.13 0.04 0.09 0.13 -0.20
X 1981 2000 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.31 0.38 0.73 0.60 0.29 0.31 0.45 0.53 0.39 0.54 0.51 0.40 0.43 0.20 0.35 0.33 0.43 -0.01 -0.06 0.21 0.73 -0.06
min -0.36 -0.67 -0.72 -0.37 -0.33 -0.50 -0.60 -0.79 -0.42 -0.26 -0.54 -0.25 -0.26 -0.33 -0.37 -0.25 0.19 -0.33 -0.13 0.21 0.21 -0.79
average 0.03 -0.06 0.04 0.02 -0.11 -0.01 -0.10 -0.03 -0.09 0.15 0.02 0.08 0.04 0.00 -0.08 0.01 0.32 -0.14 -0.09 0.21 0.32 -0.14
X 2000 2015 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.76 0.61 0.72 0.47 0.66 0.34 0.47 0.55 0.50 0.51 0.42 0.51 0.58 0.33 0.22 0.27 0.39 0.63 0.04 0.17 0.76 0.04
min -0.51 -0.49 -0.61 -0.70 -0.50 -0.72 -0.47 -0.60 -0.50 -0.56 -0.35 -0.39 -0.54 -0.45 -0.26 -0.17 -0.15 -0.44 -0.47 0.17 0.17 -0.72
average 0.18 0.13 0.09 0.00 0.08 -0.04 -0.04 -0.02 0.07 -0.06 0.10 0.07 -0.05 -0.04 -0.05 0.04 0.15 -0.03 -0.21 0.17 0.18 -0.21
2006 2015 YVLCH YVLIN YVLID YVLBG YVLVM YVLTH YVLBM YVTRP YVLBR YVSQRJA YVSQRPK YVTUS YVLCB YVTUY YVLPA YVLGY YVLEU YVSQRIR YVLIV YVLIZ max min
max 0.65 0.83 0.80 0.58 0.67 0.49 0.90 0.73 0.64 0.57 0.45 0.49 0.72 0.32 0.56 0.34 0.22 0.38 0.46 0.30 0.90 0.22
min -0.58 -0.43 -0.26 -0.69 -0.64 -0.83 -0.13 -0.69 -0.30 -0.32 -0.69 -0.37 -0.46 -0.62 -0.17 -0.23 -0.16 -0.13 0.20 0.30 0.30 -0.83
average 0.19 0.15 0.14 -0.01 0.06 -0.06 0.18 -0.02 0.19 0.12 0.06 0.09 0.04 -0.05 0.24 0.08 0.04 0.05 0.33 0.30 0.33 -0.06
Source: Authors' calculation.
Note: X means that the data is used for simulation analysis.
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Table C Data set used in the analysis
Average2015-2017 China India Indonesia Bangladesh Vietnam Thailand Burma Philippines Brazil Japan Pakistan United StatesCambodia Uruguay Paraguay Guyana European UnionIra Cote d'IvoireIraq Senegal ROW Total
Country Code CH IN ID BG VM TH BM RP BR JA PK US CB UY PA GY E2 IR IV IZ SG ROW TOT
L01 Milling Rate (.9999) 0.70 0.67 0.64 0.67 0.63 0.66 0.64 0.63 0.68 0.73 0.67 0.70 0.64 0.70 0.67 0.65 0.69 0.66 0.65 0.67 0.68 0.67 0.67
L02 Area Harvested 30,123.3 43,649.7 12,180.0 11,671.0 7,714.0 10,130.3 6,966.7 4,582.0 2,031.0 1,572.0 2,709.0 1,089.3 3,075.0 163.3 150.0 182.0 440.0 625.0 972.7 59.3 273.7 19,770.0 160,129.3
L03 Beginning Stocks 63,583.7 18,916.7 3,719.7 1,216.7 1,324.3 8,342.0 613.3 2,172.0 504.7 2,575.0 1,152.3 1,496.3 251.3 86.7 50.0 131.0 1,154.0 504.7 442.3 119.7 244.7 8,760.0 117,361.0
L04 Domestic Consumption 143,500.0 96,189.3 37,600.0 35,000.0 22,566.7 10,866.7 10,633.3 12,900.0 7,908.3 8,550.0 2,900.0 3,800.7 3,716.7 60.7 31.0 180.0 3,650.0 3,116.7 2,766.7 1,158.3 1,686.7 66,196.7 474,978.3
L05 Ending Stocks 69,415.0 19,900.0 3,555.7 1,003.7 1,378.7 6,086.3 517.7 2,067.3 479.3 2,327.0 1,059.0 1,285.7 240.3 47.0 43.7 99.0 1,131.3 503.3 387.0 80.0 219.0 8,271.7 120,097.7
L06 Exports 658.7 11,013.3 14.0 1.3 5,392.0 10,122.3 1,900.0 0.0 665.7 75.0 4,033.3 3,488.7 1,250.0 932.3 509.0 465.3 290.7 0.0 26.7 0.0 10.0 2,175.0 43,023.3
L07 Imports 5,116.7 0.0 666.7 595.7 300.0 266.7 17.7 1,500.0 684.7 693.7 6.7 759.7 23.3 0.0 2.0 0.0 1,851.3 1,333.3 1,350.0 966.7 1,023.3 23,092.7 40,250.7
L08 Production 144,873.3 108,186.0 36,783.3 34,192.7 27,713.0 18,466.7 12,420.0 11,295.3 7,864.0 7,683.3 6,833.3 6,319.0 4,932.3 953.3 531.7 613.3 2,066.7 1,782.0 1,388.0 152.0 647.7 44,790.7 480,487.7
L09 Rough Production 206,962.0 162,295.7 57,926.7 51,294.0 44,340.7 27,979.7 19,406.3 17,929.0 11,564.7 10,554.3 10,251.0 9,027.0 7,706.7 1,361.7 793.7 943.7 2,981.3 2,700.0 2,135.3 228.3 952.3 67,224.0 716,558.0
L10 Total Distribution 213,573.7 127,102.7 41,169.7 36,005.0 29,337.3 27,075.3 13,051.0 14,967.3 9,053.3 10,952.0 7,992.3 8,575.0 5,207.0 1,040.0 583.7 744.3 5,072.0 3,620.0 3,180.3 1,238.3 1,915.7 76,643.3 638,099.3
L11 Total Supply 213,573.7 127,102.7 41,169.7 36,005.0 29,337.3 27,075.3 13,051.0 14,967.3 9,053.3 10,952.0 7,992.3 8,575.0 5,207.0 1,040.0 583.7 744.3 5,072.0 3,620.0 3,180.3 1,238.3 1,915.7 76,643.3 638,099.3
L12 Rough Rice Based Yield 6.87 3.72 4.76 4.39 5.75 2.76 2.79 3.91 5.69 6.71 3.78 8.29 2.51 8.34 5.29 5.18 6.78 4.32 2.20 3.85 3.48 3.40 4.47
L13 Milled Rice Based Tield 4.81 2.48 3.02 2.93 3.59 1.82 1.78 2.47 3.87 4.89 2.52 5.80 1.60 5.84 3.54 3.37 4.70 2.85 1.43 2.56 2.37 2.27 3.00
L14 Milling Rate (.9999) 0.70 0.67 0.64 0.67 0.63 0.66 0.64 0.63 0.68 0.73 0.67 0.70 0.64 0.70 0.67 0.65 0.69 0.66 0.65 0.67 0.68 0.67 0.67
L15 price elasticity of demamd -0.12 -0.50 -0.30 -0.15 -0.30 -0.10 -0.15 -0.33 -0.45 -0.25 -0.50 -0.25 -0.30 -0.40 -0.40 -0.20 -0.50 -0.40 -0.07 -0.40 -0.07 -0.29
L16 price elasticity of supply 0.15 0.40 0.30 0.20 0.30 0.33 0.20 0.25 0.40 0.50 0.40 0.40 0.30 0.55 0.55 0.15 0.35 0.22 0.15 0.22 0.15 0.31
L17 Beginning Stock 63,583.7 18,916.7 3,719.7 1,216.7 1,324.3 8,342.0 613.3 2,172.0 504.7 2,575.0 1,152.3 1,496.3 251.3 86.7 50.0 131.0 1,154.0 504.7 442.3 119.7 244.7 8,760.0 117,361.0
L18 Ending Stock 69,415.0 19,900.0 3,555.7 1,003.7 1,378.7 6,086.3 517.7 2,067.3 479.3 2,327.0 1,059.0 1,285.7 240.3 47.0 43.7 99.0 1,131.3 503.3 387.0 80.0 219.0 8,271.7 120,097.7
L19 Net Export -4,458.0 11,013.3 -652.7 -594.3 5,092.0 9,855.7 1,882.3 -1,500.0 -19.0 -618.7 4,026.7 2,729.0 1,226.7 932.3 507.0 465.3 -1,560.7 -1,333.3 -1,323.3 -966.7 -1,013.3 -20,917.7 2,772.7
L20 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
L21 BM Yld Index 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
L22 CF  Yld Index 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
L23
L24 BM Milling Rate 0.700 0.667 0.635 0.667 0.625 0.660 0.640 0.630 0.680 0.728 0.667 0.700 0.640 0.700 0.670 0.650 0.693 0.660 0.650 0.666 0.680 0.666 0.671
L25 CF Milling Rate 0.700 0.667 0.635 0.667 0.625 0.660 0.640 0.630 0.680 0.728 0.667 0.700 0.640 0.700 0.670 0.650 0.693 0.660 0.650 0.666 0.680 0.666
Souece: See main text.
以下作業領域
International Price Excess demand milling rate
BM CF Change in percent BM CF Change average min max
1.000 1.000 0.0  % 2,772.7 2,772.7 0.001 0.667 0.625 0.728
Changing cell Target cell equals to BM Viet Nam JPN
CF value Initial value Change in percent
Beginning Stock 63,583.7 18,916.7 3,719.7 1,216.7 1,324.3 8,342.0 613.3 2,172.0 504.7 2,575.0 1,152.3 1,496.3 251.3 86.7 50.0 131.0 1,154.0 504.7 442.3 119.7 244.7 8,760.0 117,361.0 117,361.0 0.00
Rough Rice Production 206,962.0 162,295.7 57,926.7 51,294.0 44,340.7 27,979.7 19,406.3 17,929.0 11,564.7 10,554.3 10,251.0 9,027.0 7,706.7 1,361.7 793.7 943.7 2,981.3 2,700.0 2,135.3 228.3 952.3 67,224.0 716,558.0 716,558.0 0.00
Milled Rice Production 144,873.3 108,186.0 36,783.3 34,192.7 27,713.0 18,466.7 12,420.0 11,295.3 7,864.0 7,683.3 6,833.3 6,319.0 4,932.3 953.3 531.7 613.3 2,066.7 1,782.0 1,388.0 152.0 647.7 44,790.7 480,487.7 480,487.7 0.00
Domestic Consumption 143,500.0 96,189.3 37,600.0 35,000.0 22,566.7 10,866.7 10,633.3 12,900.0 7,908.3 8,550.0 2,900.0 3,800.7 3,716.7 60.7 31.0 180.0 3,650.0 3,116.7 2,766.7 1,158.3 1,686.7 66,196.7 474,978.3 474,978.3 0.00
Ending Stock 69,415.0 19,900.0 3,555.7 1,003.7 1,378.7 6,086.3 517.7 2,067.3 479.3 2,327.0 1,059.0 1,285.7 240.3 47.0 43.7 99.0 1,131.3 503.3 387.0 80.0 219.0 8,271.7 120,097.7 120,097.7 0.00

























Covariance Matrix of Quasi-Maximum Likelihood Estimator  
of ARFIMA Models
Manabu ASAI*
Abstract: This paper introduces the asymptotic distribution of the quasi-maximum likelihood (QML) 
estimator for multivariate long memory processes, derived by Hosoya (1997). This paper applies 
the results to obtain the asymptotic covariance matrix of an autoregressive fractionally integrated 
moving average process, and investigates finite sample properties of the QML estimator.
Keywords: Long Memory; Spectral Density; Asymptotic Distribution.
JEL: Classification: C13, C22.
1. Introduction
This paper introduces asymptotic theory of Hosoya (1997) for general multivariate long 
memory processes, and applies it to an autoregressive fractionally integrated moving average 
(ARFIMA) process.





G(j, ψ)e(t − j), t ∈ J,      (1)
where J denotes the set of all integers; the z(t)’s are q-vectors and the e(t)’s are p-vectors such 
that E[e(t)] = 0 and E[e(t)e(s)*] = δ(t,s)K(ψ) for K(ψ) a nonsingular p×p matrix; δ(x,y) is the 
Kronecker’s delta, which is the indicator function such that δ(x,y) = 1 if x = y and δ(x,y) = 0 
otherwise; Assume that ψ∈Ψ, where Ψ is a compact subset of Rm with nonempty interior; 





tr [ G(j )K (G(j )∗] < ∞,
the process {z(t)} is a second-order stationary process and has a spectral density matrix f(ω) as
* Faculty of Economics, Soka University. The author is most grateful to Yoshi Baba for very helpful 
comments and suggestions.
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 f(ω) = 12πk(ω;ψ)Kk(ω;ψ)
∗,       (2)
where   k(ω;ψ) =�∞j=0G(j, ψ)eiωj
Hosoya (1997) derived the limiting theory for the quasi-maximum likelihood (QML) estimator, 
based on the Whittle likelihood. Using the results, this paper derives the asymptotic covariance 
matrix of the QML estimator for ARFIMA process. The organization of the paper is as follows. 
Section 2 explains the general framework of Hosoya (1997) for the QML estimation of long memory 
processes. Section 3 provides the asymptotic covariance matrix for ARFIMA(1,d,1) process, and 
Section 4 shows finite sample performance of the QML estimator. Section 5 gives concluding 
remarks.
2. Quasi-Maximum Likelihood Estimator
This section shortly explains the limiting theor y of Hosoya (1997) for quasi-maximum 
likelihood (QML) estimation of multivariate long memory time series processes.
Let In(z,ω) is the periodogram matrix defined by
 In(z, ω) = wn(ω)wn(ω)∗, −π < ω ≤ π,







For the purpose of deriving the quasi-likelihood function, assume that the process z(t) is Gaussian 
for a while. Choose the frequencies ωj, j = 1,... ,n, equispaced in the torus (－π,π] in such a way 
that f (ω) is continuous at ω=ωj Then the finite Fourier transform wn(ωj), j = 1,... ,n, have a complex-
valued multivariate normal distribution and for large n they are approximately independent, each 
with probability density function
 







j = 1, . . . , n.
Since wn(ωj), j = 1,... ,n, constitute a sufficient statistic for ψ, an approximate log-likelihood function 







log detf(ωj;ψ) + tr
�f−1(ωj ;ψ)In(z, ωj)
�� .    (3)
In integral form, the equation (3) has the expression











The function L－n(ψ) is called the quasi-log-likelihood function. The approximation was 
originally proposed by Whittle (1952) for scalar-valued stationary processes; see also Dunsmuir and 
Hannan (1976) and Taniguchi and Kakizawa (2000)].
Let ψ0 and ψ－n be the true value of ψ generating (1) and the QML estimator obtained by 
maximizing  L－n(ψ), respectively. Define a quantity









 hj(ω;ψ) = ∂∂ψj f
−1(ω;ψ),
and assume that they are measurable with respect to ψ a.e. ω. Under mild regularity conditions, 
Hosoya (1997) shows that if R is differentiable at ψ=ψ0 and the matrix of derivatives Wj l =∂Rj/∂ψl 
is denoted by W, √n(ψ~n－ψ0) has the asymptotic normal distribution with mean 0 and covariance 



















where [ ]ab denotes the (a,b)th element of the matrix in the bracket (see Dunsmuir (1979)), and




exp({−i(ω1t1 + ω2t2 + ω3t3)Q˜eabcd(t1, t2, t3),
with the joint forth cumulant of ea(t), eb(t + t1), ec(t + t2), and ed(t + t3). Taniguchi (1982) suggested a 
consistent estimator for Qeabcd(ω1, ω2, ω3) .
Hosoya (1997) and Taniguchi and Kakizawa (2000) discusses the case when the integral in the 
second term of Uij is simplified. If the cumulant of {ea(t1), eb(t2), ec(t3), ed(t4)} is Cabcd for t1 = t2 = t3 = t4 
and 0 otherwise, Ujl reduces to






























In the next section, we apply the results of Hosoya (1997) to obtain the asymptotic covariance 
matrix, W－1U(W *)－1, for an ARFIMA(1,d,1) process.
3. Asymptotic Covariance Matrix for ARFIMA Process
Consider a univariate ARFIMA(1,d,1) process:
 (1− φB)(1−B)dz(t) = (1− θB)e(t),
where B is the backward shift operator, and e(t) is a white noise with mean zero and variance σ2. 
We set ψ = (,φ,θ,σ)'. We assume that |d | ＜ 1/2, |φ| ＜ 1, and |θ| ＜ 1 so that z(t) is stationary 
and invertible, and z(t) has infinite moving-average representation




By definition, we obtain:
 k(ω;ψ) =
(1− θeiω)
(1− φeiω)(1− eiω)d ,
and hence the spectral density function is:




|1− φeiω|2|1− eiω|2d =
σ2
2π
(1 + θ2 − 2θ cos(ω))
(1 + φ2 − 2φ cos(ω))2d(1− cos(ω))d ,
In the following, the asymptotic covariance matrix of the QML estimator is derived, by using the 
results of Hosoya (1997).
The log of the spectral density function and their derivatives are:
     
log f(ω) =− log(2π) + 2 logσ − d log 2− d log(1 − cos(ω))
− log(1 + φ2 − 2φ cos(ω)) + log(1 + θ2 − 2θ cos(ω))
 
∂ log f(ω)





















log f(ω)dω = −2π log(2π) + 4π log σ.
As a result, we obtain





0 (j = 1, 2, 3)
4π/σ (j = 4)
and






� −4π/σ20 (j = l = 4)
0 otherwise
which will be used to evaluate W.
















Then, we obtain W (2) = {W (2)jl } , where




















θ0 log(1 − θ0) 11−φ0θ0 11−θ20 0
0 0 0 2σ20
⎞
⎟⎟⎟⎠
(see Appendix A.1 for the derivation of  W (2)jl ).
As shown in Appendix A.1, hj(ω;ψ) f (ω;ψ) = hj(ω;ψ)f(ω;ψ) = −∂ log f(ω)∂ψ .  As a result, the 













The last equality was obtained by the direct calculation as in Appendix A.1.
The second term is given by:




























0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 16π2/σ20
⎞
⎟⎟⎠ ,
where κ4 and μ4 are the fourth cumulant and the fourth central moment of e(t), respectively (see 
Appendix A.2 for the derivatives of log f(ω)). The last equality uses the relationship between κ4 and 
μ4 such that κ4 = μ4 －3σ4 .
Finally, the asymptotic covariance matrix of the QML estimator is given by:
 
W−1U(W ∗)−1 = 4πW−1 + (κ4 − 3)
⎛
⎜⎜⎝
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 σ20/4
⎞
⎟⎟⎠
where W is defined by (5). The structure of the asymptotic covariance matrix indicates that (i) the 
QML estimators of (d,φ,θ) and σ are asymptotically independent; (ii) the non-normality of e(t) 
has no effect on the asymptotic covariance matrix for (d,φ,θ); (iii) the asymptotic variance of d is 
6/π2 when φ=θ=0.
4. Monte Carlo Experiments
This section investigates the finite sample properties of the QML estimator for the ARFIMA(1,d,0) 
process. Two kinds of parameter values are selected as:
 (d, φ, σ) = {(0.4,−0.1, 0.3), (0.2, 0.6, 1)}.
For each parameters, two samples of the size n = 128 and n = 256 are generated with 5000 
replications. Consider two kinds of disturbances:
    Distribution 1: e(t) ∼ i.i.d.N(0, σ2)
Table 1: Finite Sample Performance of the ML Estimator
n = 128 n = 256
Para. True Mean Std.Dev. RMSE Mean Std.Dev. RMSE
DGP 1
d 0.4 0.3536 0.1690 0.1752 0.3844 0.0973 0.0986
φ －0.1 －0.0548 0.1816 0.1871 －0.0845 0.1123 0.1134
σ 0.3 0.2986 0.0184 0.0184 0.3003 0.0134 0.0134
DGP 2
d 0.2 0.1897 0.2038 0.2040 0.1754 0.1724 0.1742
φ 0.6 0.5763 0.1967 0.1981 0.5992 0.1631 0.1631
σ 1.0 1.0031 0.0629 0.0630 1.0037 0.0455 0.0456
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    Distribution 2: e(t) = σ × log(w(t))− E[log(w(t))]�V [log(w(t))] , w(t) ∼ i.i.d.χ
2(1),
for the maximum likelihood estimation for the former and the QML estimation for the latter. The 
fourth central moments of Distributions 1 and 2 are 3σ4 and 7σ4, respectively (see Appendix for the 
first four moments of log(w(t))). By the definition, Distribution 2 is leptokurtic.
Table 1 shows the sample means, standard deviations, and root mean squared errors of the ML 
estimators for the Gaussian disturbance. The bias in d is relatively large when the true value of d is 
close to zero. The bias in φ has the same tendency. The bias in σ is negligible for n = 128. The ML 
estimator has smaller RMSEs for larger sample size.
Table 2 presents the sample covariance matrix of ML estimates multiplied by n. As sample size 




) approaches to the true value gradually. Table 2 





). On the contrary, the sample covariances for the pair of (d
^
, σ^ ), (φ
^
,σ^ ), and (σ^ ,σ^ ) are close 
to the true values when n = 128.
Table 3 shows the sample means, standard deviations, and root mean squared errors of the 
QML estimators for the leptokurtotic distribution (Distribution 2). Compared to Table 1, the 
standard deviation and RMSE for the estimator of σ are large, refrecting the effect of leptokurtotic 




) are similar to 
the results of Table 1.
Table 4 presents the n times sample covariance matrix of QML estimates for Distribution 2. The 
sample covariance matrices except for the pair of (σ^ ,σ^ ) are close to those of Table 2. The sample 
covariance matrices for the pair of (σ^ ,σ^ ) are about 3 times of the values of Table 2, reflecting the 
leptokurtosis of Distribution 2.
The Monte Carlo results support the consistency of ML and QML estimators. A sample size 
greater than 256 is required to guarantee the accuracy of the asymptotic covariance matrix.
Table 2: Sample Covariance Matrix of ML Estimates
DGP 1 DGP 2
Pair True n = 128 n = 256 True n = 128 n = 256
(d^,d^ ) 1.3412 3.6551 2.4244 6.5646 5.3142 7.6117
(d^,φ^ ) －1.2655 －3.4022 －2.2788 －6.4161 －4.6633 －6.7544
(d^ ,σ^ ) 0 0.0720 0.0523 0 0.1055 0.1424
(φ^ ,φ^ ) 2.1841 4.2215 3.2299 6.9109 4.9503 6.8058
(φ^ ,σ^ ) 0 －0.0638 －0.0468 0 －0.0628 －0.0921
(σ^,σ^ ) 0.0450 0.0433 0.0457 0.5000 0.5067 0.5294
Note: The entry is n times the sample covariance matrix and corresponding true value calculated by equation (6).
 季刊　創　価　経　済　論　集　　　　Vol. XLVII, No. 1・2・3・4
5. Concluding Remarks
This paper introduced the asymptotic results of Hosoya (1997) for the QML estimator of long 
memory processes, and obtained the asymptotic covariance matrix of ARFIMA(1,d,1) model. The 
asymptotic covariance matrix indicates that (i) the QML estimator of σ and other parameters 
are asymptotically independent; (ii) the non-normality of disturbances only affect the asymptotic 
variance of the QML estimator of σ; (iii) the asymptotic variance of the QML estimator of d is 6/π2 
for an ARFIMA(0,d,0) process.
Monte Carlo experiments were conducted to examine finite sample properties of the ML and 
QML estimator. The Monte Carlo results indicate that the average of ML and QML estimates 
are close to true values when n = 128, but we require n ＞ 256 to guarantee the accuracy of the 
covariance matrix of the estimator.  
Table 3: Finite Sample Performance of the QML Estimator
n = 128 n = 256
Para. True Mean Std.Dev. RMSE Mean Std.Dev. RMSE
DGP 1
d 0.4 0.3500 0.1713 0.1784 0.3844 0.0945 0.0958
φ －0.1 －0.0542 0.1838 0.1894 －0.0847 0.1094 0.1105
σ 0.3 0.2965 0.0317 0.0319 0.2985 0.0226 0.0226
DGP 2
d 0.2 0.1775 0.2024 0.2036 0.1773 0.1711 0.1726
φ 0.6 0.5864 0.1885 0.1890 0.5975 0.1624 0.1624
σ 1.0 0.9964 0.1084 0.1085 0.9978 0.0762 0.0763
Table 4: Sample Covariance Matrix of QML Estimates
DGP 1 A A DGP 2
Pair True n = 128 n = 256 True n = 128 n = 256
(d^ ,d^ ) 1.3412 3.7550 2.2864 6.5646 5.2427 7.4907
(d^ ,φ^) －1.2655 －3.4953 －2.1467 －6.4161 －4.4157 －6.6941
(d^ ,σ^) 0 0.0614 0.0333 0 0.0524 0.0098
(φ^ ,φ^) 2.1841 4.3234 3.0642 6.9109 4.5478 6.7491
(φ^ ,σ^) 0 －0.0579 －0.0301 0 －0.0163 0.0225
(σ^,σ^) 0.1350 0.1287 0.1303 1.5000 1.5051 1.4881
Note: The entry is n times the sample covariance matrix and corresponding true value calculated by equation (6).
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Appendix
A.1 Derivation of W (2)j l    
By definition, we obtain













hj(ω;ψ)f(ω;ψ0) = −∂ log f(ω)∂ψj
f(ω;ψ0)
f(ω;ψ)
= −∂ log f(ω)∂ψj
σ20
σ2
(1 + θ20 − 2θ0 cos(ω))
(1 + θ2 − 2θ cos(ω))
× (1 + φ
2 − 2φ cos(ω))
(1 + φ20 − 2φ0 cos(ω))
2d(1− cos(ω))d
2d0(1− cos(ω))d0 .
Using the above results, we obtain the quantity,









which are summrised as follows.












{log 2 + log sin(x)}2dx












































(1 + φ20 − 2φ0 cos(ω))
{log[2(1 − cos(ω))]}dω = −4πφ0 log(1 − φ0)




(1 + θ20 − 2θ0 cos(ω))
{log[2(1 − cos(ω))]}dω = 4πθ0 log(1− θ0)





log[2(1 − cos(ω))]dω = − 2σ0 (2π log(2) − 2π log(2)) = 0
In the second last equality of W11, we used equations 4.224.4 and 4.224.7 of Gradshteyn and Ryzhik 
(1980). For W12 and W13, we obtained the resluts by a numerical integration technique, using 
alternative values of φ0 and θ0 on (－1,1). In the second last equality of W14, we used equation 4.224.9 
of Gradshteyn and Ryzhik (1980).
For j = 2
 













−4(φ0 − cos(ω))(θ0 − cos(ω))
(1 + φ20 − 2φ0 cos(ω))(1 + θ20 − 2θ0 cos(ω))
dω = 4π
1− φ0θ0






(1 + φ20 − 2φ0 cos(ω))
dω = 0
In the last equality of W22, we used equation 3.792.1 of Gradshteyn and Ryzhik (1980).
For j = 3
 
W (2)31 = W (2)13 =
4π
θ0 log(1 − θ0)
W (2)32 = W (2)23 =
4π
1− φ0θ0





(1 + θ20 − 2θ0 cos(ω))
− 4(θ0 − cos(ω))
2
(1 + θ20 − 2θ0 cos(ω))2
�
dω














(1 + θ20 − 2θ0 cos(ω))
dω = 0
In the second last equality of W33, we used equation 3.792.1 of Gradshteyn and Ryzhik (1980) for the 
first term and the numerical integration for the second term.
For j = 4
 
W (2)41 =W (2)14 = 0
W (2)42 =W (2)24 = 0








A.2 Derivation of U (2)jl








{log 2 + log(1− cos(ω))} dω






















dω = 4πσ .
For the second term of the first equation, we used equation 4.224.9 of Gradshteyn and Ryzhik (1980). 
For the second and the third equations, we used the numerical integration for various values. We 
obtain the results for U (2)jl , straightforwardly.
A.3 Moments of Log of χ2(1)
In this subsection, we use ψ(z) as the conventional notation of the digamma function, which is 
defined by ψ(z) = U (2)jl  = Γ'(z)/Γ(z) (see Abramovitz and Stegun (1970) (hereafter AS)).
When W ～χ2(1), the first four moments of logW are given by
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(see equation 26.4.36 of AS). By equation 6.3.3 of AS, we obtain μ1 = －1.2703.






= (−1)n+1n!(2n+1 − 1)ζ(n+ 1),
where ζ(n) is the Riemann zeta function. Since ζ(2) = π2/6 and ζ(4) = π4/90 (see equations 
23.2.24 and 23.2.25 of AS), we obtain μ2 = π













　例えば、現代経済学の始祖と位置付けられるアダム・スミスの『国富論（The Wealth of 
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　宗教と経済行動という観点から、忘れてはならないのはマックス・ウェーバーの『プロテスタ










































1) 消費動機 : 宗教活動そのものが与える満足
2) 救済動機 : 死後の便益を求めての宗教参加
3) 社会的圧力動機 : 宗教参加がビジネス成功確率をあげるネットワーク効果
　である。Azzi and Ehrenberg (1975) による、これらの整理は、後に続く宗教経済学の進展に大
きな影響を与え、その後の多くの理論研究が、彼らのフレームワークを踏襲、拡張して分析を
行っている。



















る。このような Azzi and Ehrenberg (1975) らによる分析の限界の存在は、単なる批判というだ
けではなく、さらなるブレイクスルーへの道標となった。
2.2 クラブ財モデル
　上述のような Azzi and Ehrenberg (1975) らへの批判を受けて、宗教選択における社会的プレッ
シャーの機能を明示的に分析することを可能としたのが、Iannaccone (1992) によるクラブ財と
しての宗教選択モデルである。Iannaccone (1992) は、それまでの宗教経済学の限界を取り払っ















































































　Barro and McCleary (2005) は、ホテリングの空間競争モデルの枠組みを用いて、どのよう
な国が特定宗教の国教化を選択するか、という分析を展開しているが、この中で、一人あたり
GDP などによって示される生活水準の増大は、宗教活動の頻度を、その程度は低いながらも、





































　まず、Basten and Betz (2013) である。彼らは、宗教改革時に、スイスにおいて、プロテスタ
ントに移行した地域とローマ・カトリック教会に留まった地域があることに着目した。スイスと
言えば、言うまでもなく国民自身の発議によって国民投票を実施することができる直接民主制を


























































































　Almond and Mazumder (2011) もまた、ラマダンのタイミングを自然実験として利用して、子
どもへの影響を分析している。アメリカのミシガン州のデータを用いた彼らの研究によれば、母
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第 4 条　本会の会員は，次の 4 種類とする。
1 ．正 会 員　本学の教授，准教授，専任講師および助教，なお創価女子短期大学の教員で入会を
希望し総会の承認をえた者




















第 2 条　本会の会計年度は 4 月 1 日に始まり，翌年 3 月31日に終わる。
第 3 条　この会則は昭和46年 9 月22日よりこれを実施する。
第 4 条　一部改正　昭和49年 5 月24日。
第 5 条　一部改正　昭和59年 4 月27日。
第 6 条　一部改正　昭和60年 4 月19日。
第 7 条　一部改正　昭和63年 4 月15日。
第 8 条　一部改正　平成 5 年 5 月21日。




第 1 条　本会の会費は正会員年額20,000円，準会員年額10,000円，賛助会員 1 口年20,000円，学生会員のうち大学
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